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1 Part 2: Bleaching of pineTMP and eucalypt CCS 
DANIEL FINNEGAN*, KAREN STACKf AND LAWRIE DUNN* 
A combination of zeolite and sodium 
citrate was found to be an effective 
alternative to DTPA addition in alkaline 
peroxide bieaching of pine TMP in the 
presence of manganese ions, but not in 
the bieaching Of Eucalypt CCS pulp. The 
addition of the zeolite had no effect on 
strength properties of the TMP and CCS 
pulps. Some small improvements in 
optical properties were observed. 
The type of zeolite used was important. 
Addition of small amounts of sodium 
citrate to the zeolite system improved the 
zeolite's ability to chelate metal ions from 
the pine TMP fibre. Sodium citrate 
appears to act a s  a transfer agent, 
facilitating the migration of metal ions 
from the pulp fibres to the zeolite. 
In the presence of manganese, the 
alkaline conditions of the Eucalypt CCS 
resulted in the formation of oxidized 
manganese species that actively decom- 
pose peroxide. Zeolite and citrate appear 
to be unable to complex these metal 
species. DTPA, on the other hand, is 
effective in complexing the Mn-0 species 
present in CCS. 
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ONE of the main limiting factors in peroxide 
bleaching of mechanical wood pulps is the 
decomposition of peroxide by metal ions 
such as copper, iron and manganese (1-6). 
DTPA is added as a chelating agent to 
conlplex metal ions and minimize their effect 
on bleaching processes. There is some 
concern over the possible environmental 
impact of DTPA in effluent from bleach 
plants. Several replacement chemicals for 
DTPA have been proposed (71, two of 
which are zeolite and sodium citrate. 
In a previous paper (8). the effects of 
zeolites on manganese induced peroxide 
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decomposition in the absence of pulp was 
investigated. Zeolite with sodium citrate 
was found to reduce decomposition under 
certain conditions. The zeolite-citrate 
system prevented decomposition only if 
the chelating agent was added before 
alkaline addition. For commercially 
available zeolites examined zeolite-A 
performed better as a chelating agent than 
types X and Y due to a greater exchange 
capacity based on the Si:AI ratio. Addition 
of small amounts of citrate to the zeolite 
reduce the rate of decomposition compared 
to a system containing zeolite alone. 
Increasing the reaction temperature 
reduced the efficiency ofthe zeolite-A and 
citrate system. 
The aim of this paper is to investigate 
the effect of addition of zeolites and citrate 
on peroxide decomposition in the peroxide 
bleaching of pine thermomechanical pulp 
(TMP) and eucalypt cold caustic soda pnlp 
(CCS). Manganese has been added to the 
pulps to induce peroxide decomposition. 
The effects on strength and other optical 
properties are also reported. 
EXPERIMENTAL 
Materials 
Radiatapine TMP (brightness 60.9% ISO) 
and eucalypt CCS (brightness 46.2% ISO) 
were obtained from Fletcher Challenge 
Paper, Boyer Tasmania. The pulps were 
dewatered to approximately 20% concen- 
tration (p.c.) and crumbed before storage 
in a freezer at -9°C until use. All chemicals 
were analytical grade quality, except for 
laboratory grade potassium iodide, a 
commercial sample of sodium diethylene- 
triaminepentaacetic acid (Na,DTPA) and 
MilliQ high purity water. The three sodium 
zeolites were obtained from various, 
commercial suppliers: z,edite-A from 
Albemarle Corporation @sA), zeolite-X 
from PQ Zeolites (Netherlands) and zeolite- 
Y from Linde ~ i v i s & n  of Union Carbide 
(USA). Acid zeolites were prepared from 
the sodium zeolite by stining in ammonium 
nitrate for 24 hours and dlying in a muffle 
furnace at 400°C. 
Bleaching 
Treatment of p~rlp with chelating agent: 
Into a20 L stainless steel mixing bowl were 
placed 1 1000 g 0.d. defrostedpulp, 10 Lof 
deionized water and 2% DTPA on 0.d. pulp. 
The contents were mixed for 1 hour. The 
pulp sluny was placed in a pneumatic pulp 
dewatering press to remove as much liquid 
as possible. A further 10 L o f  deionized 
water was added onto the pulp cake in the 
press. The surface water was removed by 
vacuum before further pressing. The pulp 
was crumbed and stored in a freezer at 
-9°C until use. 
Bleaching with hydrogen peroxide: The 
TM and CCS pulps were bleached at 5% 
p.c. in 500 mL polyethylene bottles with a 
reaction volume of 400 mL. Manganese (as 
manganese sulfate in deionized water) was 
added to 20 g 0.d. pulp and mixed in a 
waterbath at 70°C for 5 minutes. The amount 
of manganese added was 135 mg/L (on pulp) 
for TMP and 40 mg/L for CCS. The appro- 
priate chelating agent was added and stirred 
for a further minute before addition of 
sodium hydroxide (2.5% d m  on pulp) and 
hydrogen peroxide (2% m/m on pulp). The 
mixture was then stirred for 3 hours at 70°C. 
After bleaching, a sufficient amount of pulp 
to make three brightness sheets was 
removed. The pH of this pulp was adjusted 
to pH 4.5 with 10% sulfuric acid solution 
before the brightness sheets were made. The 
handsheets were allowed to dry overnight 
before brightness testing with a Datacolor 
Elrepho 2000. Residual peroxide measure- 
ments were made on the remaining pulp 
sluny. 
Determination of residual peroxide: Part 
of the bleached pulp sluny was filtered for 
residual peroxide determination. A lOmL 
sample was pipetted into a 250 mLconical 
flaskcontaining 10 mL of 10% m/m sulfuric 
acid, 1 drop of 10% m/m ammonium molyb- 
date and 50 mL of distilled water. Potassium 
iodide (2.0 g) was added to the flask, swirled 
and the contents titrated against 
standardized = 0.01 M sodium thiosulfate 
(9). The residual peroxide was then 
calculated from the formula: 
H,O, + 2H+ + 21- + I, + 2H,O 
2S,O,'- + I, + s,o,2 + 21- 
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Physical testing of handsheets ' 
Bleaching of pulp prior to handsheet 
making: Untreated and dewatered pine TM 
pulps were bleached using hydrogen 
peroxide in the manner previously 
described with the exception of no manga- 
nese and alkali charge of 1.75%. 
Chelated eucalypt CCS was bleached 
using hydrogen peroxide in the manner 
previously described with the exception of 
10 mg/L manganese and alkali charge of 
1.75%. The 10 mgL manganese was added 
to account for any metals lost during 
chelation, as the eucalypt CCS could not 
be obtained from the Buyer mill without 
some addition of DTPA. 
Handsheet making and physical resting: 
Handsheets were made after the pulp was 
adjusted to pH 4.5. The handsheets were 
made in accordance with ASINZS 
1301.203s: 1993, using equipment in 
accordancewithAS/NZS 1301.214~:1993. 
The handsheets were tested in accordance 
with AS/NZS 1301.208~:1997. The hand- 
sheets were also tested for  optical 
properties using ASNZS 1301.454s: 1992. 
RESULTS AND DISCUSSION 
Bleaching of pineTMP with 
hydrogen peroxide 
Figure 1 shows the effect of zeolite-A with 
and without citrate and sodium citrate 
addition with 2% H,O, and 2.5% NaOH on 
I S 0  brightness of pine TMP and residual 
peroxide. Metal ions present in the pulp 
samples were removed by chelation prior 
to the experiments. 135 mg/L manganese 
was then added to induce peroxide 
decomposition. In the absence of the 
addition of a chelating agent these 
conditions (2% H,O,, 2.5% NaOH, 
135 mg/L Mn2+) resulted in rapid peroxide 
decomposition and decreased brightness 
and no residual peroxide. A decrease of 
6% IS0  brightness from the initial pulp 
brightness occurred due to alkali darkening. 
The results in Figure 1 indicate that 
addition of zeolite-A bas a beneficial effect 
on brightness and residual peroxide 
concentration in peroxide bleaching of pine 
TMP in the presence of manganese ions. 
Addition of sodium citrate (0.5%) further 
improved pulp brightness and residual 
peroxide. The zeolite charge required to 
reach the pulp brightness prior to alkali 
addition (60.9% ISO) was only 2% for the 
system containing zeolite-A and citrate 
compared to 5% for zeolite-A alone. 
Furthermore, on the basis of brightness 
results, a charge of 5% zeolite-A and 0.5% 
citrate is comparable to 10% zeolite-A in 
the system without citrate, which 
represents a saving of about half the 
chemical charge. The maximum brightness 
for the system occurred at a charge of 7.5% 
zeolite-A and 0.5% citrate. The addition of 
citrate to zeolite-A not only improved 
brightness, but also simcantly improved 
the residual peroxide with residuals 
increasing up to a charge of 7.5% zeolite-A 
and 0.5% citrate. Benefits in chemical 
charge were also observed for the residual 
peroxide as the residual peroxide 
concentration for 2% zeolite-A and 0.5% 
citrate was higher than the system 
containing up to 10% zeolite-A alone. 
These results are opposite to those in the 
absence of pulp (8). where increasing the 
zeolite-A charge increased the rate of 
peroxide decomposition. One possible 
explanation for this difference is that more 
zeolite is needed to compete with lignin and 
cellulose for the metal ions and so reducing 
metal catalysed peroxide decomposition. 
Furthermore, peroxide can react with the 
pulp fibres which might lower the overall 
ratio of peroxide to zeolite and hence lower 
decomposition due to peroxide-zeolite 
interactions. 
The effect of sodium citrate addition on 
peroxide bleaching of pine TMP is shown 
in Figure 2. In the absence of zeolite, the 
addition of sodium citrate to the pulp and 
bleaching reagents increased the 
brightness from 55% ISO. An addition of 
2% citrate was needed to increase the pulp 
brightness to the value of 60.9% prior to 
the alkali addition. At this point, the fust 
significant residual peroxide concentration 
also occurred. Addition of zeolite-A to the 
system dramatically improved residual 
peroxide and brightness response of the 
bleaching stage. With the addition of 5% 
Zeolite-A and no citrate, a brightness level 
of 61% was achieved. This is significantly 
higher than the brightness achieved in the 
absence of zeolite due to the chelating 
I 
effect of zeolite-A. A maximiurnin bright- \ ness occurred after the addition of 0.5% 
citrate in the presence of 5% zeolite-A '1 (Fig. 2) and the brightness remained I constant as the addition of citrate f 
increased. In contrast, Figure 1 shows that 
addition of citrate to the zeolite system I 
caused constant improvement in brightness I 
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Fig. 1 The effect on brightness and residual concentration 
of peroxide bleached pineTMP by zeolite-A 
concentration with and without citrate. 
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:ig. 2 The effect on brightness and residual peroxide 
concentration of peroxide bleached pineTMP by 
sodium citrate. 
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Fig. 3 The effect on brightness and residual ~eroxide 
concentration of peroxide bleached p f n e ~ ~ ~  by 
pretreatment time with zeolite-A. 
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Fig. 4 The effect on brightness and residual peroxide concentration of chelated 
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Zeolite tvoe 1 
- -,v- I 
=ig. 5 The effect on brightness of peroxlde bleached pineTMP by zeolite type. 
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over that of zeolite alone until maximum 
brightness was obtained, under the 
conditions employed in this study. 
However it should he noted that in Figure 
2 the hrightness results at or above 0.5% 
citrate addition with 5% zeolite-A are 
equivalent to the maximum brightness 
obtained in Figure 1. Furthermore while no 
additional hrightness gains occurred with 
addition of citrate above 0.5% with 5% 
zeolite-A, the residual peroxide increased 
suggesting that the additional citrate helped 
to prevent manganese induced decomposi- 
tion. Therefore it is most likely that the upper 
brightness obtained is 'pulp limited' due to 
bleaching pulp concentration and pulp 
chemishy, rather than alackof peroxide (10). 
The effect of pretreatment time on the 
performance of zeolite based chelation of 
pine TMPis shown in Figure 3. With these 
results there was no washing stage 
between the pretreatment and the bleaching 
stage. Bleaching chemicals were added 
directly to the pulp containing chelating 
agents. Optimum pretreatment time 
occurred within an hour for both zeolite 
and zeolite-citrate systems in terms of 
hrightness and residual peroxide. 
Figure 4 shows the effect of peroxide 
charge on bleaching. Brightness and 
residual peroxide concentrations h o t h ~ ~  
increased with increased peroxide charge. ! 
These results also show that the combined 
zeolite-citrate system performed nearly as 
well as DTPA for brightness over the whole 
range of peroxide charges. DTPA addition 
I i
I 
resulted in higher residual peroxide con- 
centrations compared to the zeolite-citrate 
system. On that basis, DTPA would be a 
better choice if white water is recycled in a 
closed bleach plant. r 
The effect of zeolite type under various 
conditions on peroxide bleaching of pine 
TMP is illustrated in Figures 5 and 6. These 
results show that residual peroxide (Fig. 6) 
and brightness (Fig. 5 )  increased with 
zeolite charge, particularly when citrate is 
added to all of the zeolite types with 
exception of sodium zeolite-X. The acid 
form of zeolite-X performs better than the 
sodium form in brightness and residual 
peroxide. This effect might he related to 
pH, with acid from the zeolite-X possibly 
neutralizing some of the alkali, thus reducing 
metal catalysed decomposition and alkali 
1 
darkening rather than an improved i 
chelating ability. This conclusion is . - ~ 
supported by the results in the absence of 
' I 
pulp (8), where zeolites-X and -Y showed 1 I 
significantly poorer uptake of manganese I 
comoared to zeolite-A based on the more 
rapid peroxide decomposition curves. 
These results for acid zeoiite-X may also 
be explained by the absence of sodium ions 
which on hydrolysis can change the surface 
exchange sites. The site chemistry is 
changed from AI-0 Na* to the less preferred 
AI-O-H with sodium ions present in theliquid 
phase. The sodium ions prevent the 
migration of hydrogen ions into the liquid 
phase by electric field effects. The acid 
zeolite does not have sodium ions present 
so thechemistly of the site can revert to Al- 
0- for optimum cationexchange. Zeolite-Y 
which has the same pore structure is not 
affected in the same manner as zeolite-X 
because it does not have as many exchange 
sites. Zeoiite-A is also not affected in the 
same way as zeolite-X because it does not 
have a free liquid phase due to its small pore 
size. Furthermore most of the exchange sites 
for zeolite-A are located inside the ring 
structures rather than on surfaces facing 
voids and pores (11). 
Figure 5 also confirms that zeolite-A is 
the best of the three commercial zeolites 
for use in peroxide bleaching. 
Bleaching of eucalypt CCS with 
hydrogen peroxide 
The effect of zeolite-A andlor sodium citrate 
on peroxide bleaching of eucalypt CCS and 
the corresponding residual peroxide 
concentrations using the bleaching condi- 
tions described in the experimental method 
are shown in Figure 7. Zeolite-A addition 
has no effect in preventing manganese 
induced peroxide decomposition in the 
bleaching of eucalypt CCS and also in the 
absence of peroxide bleaching, zeolite-A 
addition only has a small effect on pulp 
brightness (4% ISO) despite areasonably 
large dose rate (10%) of zeolite-A. This small 
Fig. 6 The effect of residual peroxide concentration of peroxide bleached pine 
TMP by zeolite type. 
Table 1 
Optical properties of peroxide bleached pine TMP and eucalypt 
CCS pulp with various chelating agents 
Pulp Chelating system Opacity Light Scattering 
% cm2/g 
N P  No Chelation 90.5 526.0 
0.5% DTPA 89.6 ~ ~~ 514.9 . = ~~ 
1.0% Z-A 90.3 533.1 
5.0% Z-A 90.6 563.5 
1% Z-A/0.5% Cit 90.4 523.6 
5% Z-A/O.5% Cit 91.0 549.8 
CCS NO chelation 88.8 495.7 
0.5% DTPA 89.6 475.1 
1.0% Z-A 90.5 470.2 
5.0% Z-A 93.2 547.0 
1 .O% Z-A/O.5% Cit 91.7 515.5 
5.0% Z-A/0.5% Cit 93.0 536.9 
increase corresponds to the contribution of 
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Fig. 7 The effect on brightness and residual peroxide 
concentration of peroxide bleached eucalypt CCS 
by zeolite-A. 
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Fig. 8 The effect on brightness and residual peroxide 
concentration of peroxide bleached eucalypt CCS 
by sodium citrate. 
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Fig. 9 The Carrier Effect (15). 
the white colour of the zeolite to the pulp 
brightness. 
Figure 8 shows that the addition of 
sodium citrate, with or without zeolite-A. 
has no significant effect on brightness and 
residual peroxide concentrations in 
peroxide bleaching of eucalypt CCS. 
The poor performance of zeolite-A and 
sodium citrate alone or combined in 
chelating manganese and hence preventing 
peroxide decomposition, with consequently 
low or no brightness gains, is not entirely 
unexpected for eucalypt CCS pulp. In a 
previous study (81, zeolite-A and sodium 
citrate aloneorcombined in amodel system 
containing no pulp failed to prevent 
manganese induced peroxide decomposition 
when alkali was added before the chelating 
agent. Addition of alkali is thought to 
convert Mn2+ to Mn-species or aconjugate 
system containing Mn'+/Mn4+ which readily 
convert to Mn-0 species(l2.13) which are 
partially insoluble and seem unable to be 
exchanged into the zeolite. Therefore i t  
would appear most likely that the alkali added 
to the eucalypt chips to help separate the 
fibres during the refining process is 
preventing zeolite-A and citrate from being 
viable chelating agents for eucalypt CCS. 
Furthermore, in the previous study (8), 
DTPA was not found to he affected by the 
form of manganese in reducing peroxide 
decomposition and has also been found to 
produce large brightness gains with 
$ignificant residual peroxide concentrations 
over systems investigated in this study for 
the peroxide bleachingof eucalypt CCS. 
Physical Handsheet Properties 
Strength properties: The effects of 
different chelating systems (zeolite, zeolite- 
:itrate andDTPA) on tearing resistance and 
ensile strength of pine TMP and bleached 
2ucalypt CCS were examined. No significant 
differences were observed at the 95% 
confidence level between the mean values 
for the different chelating systems for tear 
and tensile indices. ForTMP, the tear index 
varied between 8.6 and 9.4 mN.m2/g with 
an average 95% coufidence interval of k1.0 
mN.m2/g while tensile index varied between 
31 and 34.6 N.m/g with a 95% confidence 
interval of k3.0 N.m/g. For CCS, the tear 
index varied between 4.1 and4.9 mN.m2/g 
with an average 95% confidence interval 
of k1.0 mN.m21g while tensile index varied 
between 36 and 47 N . d g  with an average 
95% confidence interval of f 5  N.m/g. 
Similar results have been reported in the 
literature (14). 
Sheet roughness andporosio: The use of 
the various chelating systems in the 
peroxide bleaching of pine TMP did not 
have a significant effect at the 95% confi- 
dence level on roughness and porosity, 
despite some systems containing solid 
inorganic panicles (zeolites). The rough- 
ness values varied hetweeu5.3 and5.7 ym 
with an average 85% confidence interval 
of *I while porosity varied between 471 
and 713 mL/min with an average 95% 
confidence interval of +300 d m i n .  
There were no significant differences for 
bleached CCS handsheets with the 
different chelating systems. However the 
unchelated CCS had a higher porosity 
(1097 mllmin) than the chelated CCS:The~~ 
roughness varied between 3.9 and 4.5 mm 
with a 95% confidence interval of 
, 20.5 while the porosity values for the 
chelated s y s t e d  varied between 166 and 
342 &mi: with a 95% confidence interval 
of + 90 mUmin. , , .  . 
Optlcal properties: The effect of various 
chelating systems on opacity and light 
scattering coefficient of peroxide bleached 
pine TMP and bleached eucalypt CCS is 
shown in Table 1. Opacity decreased 
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slightly, for both pulps, with addition of 
chelating systems containing none or only 
low amounts of zeolite. However with 
higher amounts of zeolite the level of 
opacity was roughly the same as that of 
the system containing no chelating agent. 
Light scattering coefficient increased 
with addition of chelating agents, the most 
significant increases occurred with high 
levels of zeolite. Therefore it would seem 
most likely that the higher concentration 
of zeolite is having a small 'filler' effect by 
increasing the amount of air-surface inter- 
faces to scatter light. 
Proposed mechanism 
A combined system of zeolite-A and 
sodium citrate performs better than zeolite 
alone and is comparable to DTPA in 
producing beneficial reduction in manga- 
nese induced peroxide decomposition, 
leading to brightness and residual peroxide 
improvements for peroxide bleached TMP. 
It is believed that zeolite-A acts as a cation 
exchange agent for Mn2* ions that are bound 
at sites previously containing sodium ions. 
Since zeolites are solids they are therefore 
physically limited in the uptake of 
manganese ions from fibres. Sodium citrate 
on the other hand is believed to form soluble 
complexes with manganese and there fore^ 
can act as a transfer agent for manganese 
between fibres and zeolites in a similar 
manner known as the 'Carrier Effect' 
mechanism proposed for Ca" and Mg2+ ions 
in zeolite-based detergents (15) (Fig. 9). 
The zeolite-citrate system is unable to 
prevent manganese induced decomposition 
if the zeolite-citrate is added under alkaline 
conditions. In the presence of alkali, 
manganese (Mn2+) is oxidized to higher 
oxidation states (Mn3+ and Mn4+) and 
forms complex Mn-0  species. These 
species are most likely too large to be 
exchanged or  trapped in the zeolite 
StNCture. 
CONCLUSIONS 
-. FcKTMP, small amounts of sodium 
cihate and zeolite-A improved brightness 
and residual peroxide concentration to 
such an extent that it was nearly 
equivalent to DTPA alone. 
Sodium citrate alone required quantities 
of 3% or greater to obtain acceptable 
brightness improvements and residual 
peroxide concentration for bleached 
pine TMP. 
Zeolite-A was the best performing 
system of the three commercial zeolites 
! - P E E R  R E V I E W E D  1 . ,  
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